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(54) Image sensing apparatus using different pixel shifting methods 



(57) An image sensing apparatus has a plurality of 
image sensing modes each of which performs image 
sensing operation using different pixel shifting method. 
One of these image sensing modes is selected through 
a selection unit (16) in accordance with an object to be 
sensed, and a plurality of images of the object are 



sensed in image sensing position arrays on the basis of 
the selected image sensing mode. A combining unit 
(1 1) combines the plurality of sensed images to obtain a 
single still image of high resolution. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an image sensing 
apparatus and method using a solid-state image sens- 
ing device, such as CCD. and more particularly, to an 
image sensing apparatus and method realizing high- 
resolution image sensing by using "pixel shifting tech- 
nique" and a method of dealing with obtained data of 
the plurality of images sensed by using the pixel shifting 
technique. 

Conventionally, there are the following methods for 
increasing image sensing resolution adopted by an 
image sensing apparatus using a solid-state image 
sensing device. 

(a) . Increase the density of pixels in the image 
sensing device. 

(b) . Use a plurality of image sensing devices. 

(c) . Use pixel shifting technique. 

Regarding method (a), the method greatly depends 
upon semiconductor manufacturing technique, thus it 
does not improve quickly. Further, although the semi- 
conductor manufacturing technique improves, the price 
ol the image sensing device will increase. Regarding 
method (b). it can be realized relatively easily by using 
an optical prism, or the like. However, three image sens- 
ing devices as well as a large optical member, such as 
the optical prism, for separating incoming light into three 
color components which travel different paths from each 
other are necessary. As a result, the cost for manufac- 
turing an image sensing apparatus increases. 

Because of the problems of using methods (a) and 
(b), method (c), namely pixel shifting technique, has 
been used for realizing high-resolution image sensing. 
The pixel shifting technique is that a plurality of images 
of an object are sensed as shifting image formation 
positions on the image sensing device, and combined to 
produce a single high-resolution still image. This tech- 
nique is disclosed in the Japanese Patent Publication 
No. 50-17134, for example. 

As for pixel shifting technique using a single image 
sensing device, the one disclosed in the Japanese Pat- 
ent Publication No. 1-863 is known. This discloses a 
technique to obtain a plurality of images sensed by 
moving an optical system, image sensing device or an 
object by a predetermined amount, then combine the 
obtained plurality of images to produce a single image 
of high resolution. 

However, in the aforementioned conventional pixel 
shifting techniques, only basic techniques are sug- 
gested. Especially, when the pixel shifting is performed 
by using a single image sensing device, since a color fil- 
ter is attached, no concrete way of shifting pixels has 
been described. Furthermore, there were no descrip- 
tion on data handling, such as how color processes are 
performed on obtained image data and whether the 



high resolution still image sensing is performed while 
sensing a moving image or not. which have been prob- 
lems upon developing an image sensing apparatus in 
practice. 

5 Further, it is possible to obtain images of different 

resolution depending upon how the pixels are shifted, 
however, there was no suggestion to change the ways 
of shifting pixels in accordance with characteristics of 
the object. 

10 Furthermore, the image sensing apparatus using a 
solid-state image sensing device focuses on the object, 
measures light exposure, and adjusts white balance for 
each sensed image. However, focusing on the object, 
measurement of light exposure, and correction of white 

75 balance have not been exclusively considered for the 
pixel shifting technique in which a plurality of images are 
sensed by shifting the relative positions between the 
image sensing device and the object in the horizontal 
direction, vertical direction and oblique direction, and 

20 combined into a single image of high quality. 

In a case of sensing a plurality of images needed 
for producing a combined high resolution image by 
using the pixel shifting technique, still life, a stationary 
object, is generally sensed in most of the cases, and 

25 conditions for sensing the images seldom change. 
Thus, if the focusing on the object, measurement of light 
exposure, and white balance correction are performed 
each time when sensing an image of the object to be 
used for generating a single image of high resolution, 

30 errors in measurement and in operation of each detec- 
tion device may result in changing conditions for sens- 
ing the images, thereby making it difficult to combine the 
plurality of obtained images into a single image of high 
resolution. 

35 Further, for performing the focusing on the object, 
measurement of light exposure and white balance cor- 
rection for each image sensing operation, it is neces- 
sary to operate driving circuits. Therefore, time as well 
as energy of a battery are wasted. 

40 

SUMMARY OF THE INVENTION 

The present invention has been made in considera- 
tion of the above situation, and has as its object to pro- 

45 vide an image sensing apparatus and method having a 
plurality of image sensing modes for shifting a solid- 
state image sensing device to different positions so as 
to be able to obtain images of different resolutions, as 
well as to provide a data handling method of image data 

so obtained by the aforesaid image sensing apparatus. 

According to the present invention, the foregoing 
object is attained by providing an image sensing appa- 
ratus which obtains an image of high resolution by using 
pixel shifting technique, comprising: image sensing 

55 means for sensing an image of an object to obtain 
image data; shifting means for shifting image formation 
position of the image of the object on the image sensing 
means; selection means for selecting one of a plurality 
of image sensing modes each of which performs image 
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sensing operation using different pixel shifting method; 
and combining means for combining a plurality of 
sensed images. 

With the aforesaid conliguration, it is possible for a 
user to select an image sensing mode which is suitable 
to an object to be sensed. 

It is another object of the present invention to pro- 
vide an image sensing apparatus capable of making it 
easier to combine a plurality of images and obtaining an 
image of high quality with low power consumption. 

According to the present invention, the foregoing 
object is attained by providing an image sensing appa- 
ratus which obtains an image of high resolution by using 
pixel shifting technique, comprising: focus control 
means for controlling focus of image sensing means; 
exposure control means for controlling exposure of the 
image sensing means; white balance control means for 
controlling white balance of image data obtained by the 
image sensing means; and storage means for storing 
conditions controlled by the focus control means, the 
exposure control means and the white balance control 
means during a first image sensing operation, wherein 
second and later image sensing operation are per- 
formed under the conditions stored in the storage 
means. 

It is still another object of the present invention to 
provide an image sensing apparatus capable of obtain- 
ing a still image of high resolution while sensing a mov- 
ing image by using pixel shifting technique. 

According to the present invention, the foregoing 
object is attained by providing an image sensing appa- 
ratus which obtains an image of high resolution by using 
pixel shifting technique, comprising: image sensing 
means for sensing an image of an object to obtain 
image data; shifting means for shifting image formation 
positions of the image of the object on the image sens- 
ing means by a predetermined amount; read control 
means for controlling timing of reading image data from 
the image sensing means so as to compensate the 
shifted predetermined amount; and combining means 
for combining a plurality of sensed images. 

Other features and advantages of the present 
invention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same 
or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorpo- 
rated in and constitute a part of the specification, illus- 
trate embodiments of the invention and, together with 
the description, serve to explain the principles of the 
invention. 

Fig. 1 is a block diagram illustrating a configuration 
of an image sensing apparatus according to the first 
embodiment of the present invention; 
Fig. 2 is an explanatory view showing an arrange- 



ment of color filter chips, composing a color filter, 
used in the first embodiment; 
Figs. 3A to 3F are explanatory views showing 
image sensing point arrays in mode 1 ; 

s Figs. 4 A and 4B are explanatory views showing sig- 

nal processing in the mode 1 ; 
Figs. 5A and 5B are explanatory views showing 
image sensing point arrays in mode 2; 
Fig. 6 is an explanatory views showing a combined 

10 image sensing point array in the mode 2; 

Figs. 7A and 7B are explanatory views showing 
generation of luminance signals in the mode 2; 
Fig. 8 is a block diagram illustrating a configuration 
of a signal processing circuit used in the mode 2; 

is Fig. 9 is a graph showing points where color and 
luminance carrier signals are generated in a fre- 
quency space when an image of an object is 
sensed at positions of the image sensing point 
array shown in Fig. 6; 

20 Fig. 10 is a graph representing traps of optical fil- 
ters; 

Figs. 11A to 11 C are explanatory views showing 

image sensing point arrays in mode 3; 

Fig. 12 is an explanatory view showing rearrange- 

25 ment of image data in the mode 3; 

Figs. 13A and 13B are explanatory views showing 
image sensing point arrays in mode 4; 
Fig. 14 is an explanatory view showing combined 
image sensing point array in the mode 4; 

30 Figs. 15A and 15B are explanatory views showing 
signal processing in the mode 4; 
Fig. 16 is a graph showing points where color and 
luminance carrier signals are generated and trap of 
an optical filter set; 

35 Fig. 1 7 is an explanatory view showing image sens- 
ing point array in mode 5; 

Fig. 18 is a graph showing points where color and 
luminance carrier signals are generated and trap of 
an optical filter set; 

40 Fig. 19 is a block diagram illustrating a configuration 
of an image sensing apparatus according to a sec- 
ond embodiment of the present invention; 
Figs. 20A to 20E are explanatory views showing 
how pixels are shifted and resulted image sensing 

45 points with reference to first image sensing points; 

Fig. 21 is an explanatory view showing a combined 
image sensing point array of high-resolution image 
data obtained as a result of pixel shifting; 
Fig. 22 is a block diagram illustrating a configuration 

so of a focus detector; 

Fig. 23 is a graph showing a characteristic between 
positions of lenses for focusing and focus evalua- 
tion value upon focusing processing; 
Fig. 24 is a block diagram illustrating a configuration 

55 of an image sensing apparatus according to a third 
embodiment of the present invention; 
Fig. 25 is an explanatory view showing an arrange- 
ment of color filter chips, composing a color filter, 
used in the third embodiment; 
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Fig. 26 is a block diagram illustrating a configuration 
of a unit for a moving image processing in a digital 
signal processor; 

Fig. 27 shows a brief configuration of a CCD; 
Figs. 28A to 28E are timing charts showing opera- s 
tion of the image sensing apparatus according to 
the third embodiment; 

Figs. 29A to 29C are timing charts showing 
enlarged portions of Fig. 28D; 

Fig. 30 is a decomposed perspective view of a var- w 
iable apical angle prism; 

Figs. 31 A and 31 B are explanatory views showing 
an arrangement of color filter chips upon sensing 
each field; 

Figs. 32 A and 32 B are explanatory views showing is 
arrangements of combined image data for each 
field; 

Fig. 33 is a block diagram illustrating a configuration 
of a still image processing unit; 

Fig. 34 is a graph showing points where sampling 20 
carrier signals are generated; and 
Fig. 35 is an explanatory view showing other 
arrangement of color filter chips. 

DETAILED DESCRIPTION OF THE PREFERRED 25 
EMBODIMENTS 

Preferred embodiments of the present invention will 
be described in detail in accordance with the accompa- 
nying drawings. 30 

[First Embodiment] 

Fig. 1 is a block diagram illustrating a configuration 
of an image sensing apparatus, a digital still camera, 35 
according to a first embodiment of the present inven- 
tion. The configuration and operation of the digital still 
camera are explained below with reference to Fig. 1 . 

First, when a storage medium 8-1 or 8-2 for storing 
image data of sensed images is connected to an inter- 40 
face 7 of the digital still camera, the system controller 1 5 
determines speed for writing and reading to/from the 
connected storage medium 8-1 or 8-2. A compression 
ratio for compressing image data is determined in 
accordance with the determined speed. This operation 45 
will be explained later in detail. 

Next, before starting sensing images, an image 
sensing mode is manually selected by using a mode 
switch 16. There are five modes provided in the first 
embodiment, and they are: so 

mode 1 three high resolution image sensor mode 
mode 2 single high resolution image sensor mode 
mode 3 three normal resolution image sensor mode 
mode 4 single normal resolution image sensor mode 55 
1 

mode 5 single normal resolution image sensor mode 
2 



Each of these modes will be described later in detail. 

When a shutter trigger (not shown) is turned ON, 
image sensing operation starts. 

An image of an object (not shown) passes through 
a lens system 1 and an optical low pass filter (LPF) set 
1 or 2 (referred by 2-1 and 2-2 in Fig. 1), then forms as 
an image on a CCD 3. Each of the optical LPF sets 1 
and 2 is composed of a single or a plurality of quartz 
plates, and inserted in or extracted out of the light path 
of the image of the object by a filter insertion/extraction 
unit 13-1 or 13-2 under control of the system controller 
15 in accordance with the mode selected. The optical 
image formed on the CCD 3 is outputted as electric sig- 
nals, then reset noises included in the electric signals of 
the image are reduced by a correlated double sampling 
(CDS) circuit 4, then the image signals are digitized by 
an analog-digital (A/D) converter 5. Further, the digital 
image signals are temporarily stored in a memory 10 
through a memory controller 6. 

In the first embodiment, the CCD 3 has a 1536 x 
1024 pixel array (about 1,500,000 pixels), which are 
covered with a color filter of complementary colors 
arranged in stripe. Further, the A/D converter 5 has lin- 
ear and 10-bit characteristics. 

When a plurality number of images are sensed in 
an image sensing mode selected as above, in a case 
where an amount of data of the sensed images exceeds 
the capacity of the memory 10, the data of the sensed 
images are moved to the connected storage medium 8- 
1 or 8-2. Following is an explanation of moving the data. 

Image data (unprocessed data read from the single 
CCD) of 10-bit depth stored in the memory 10 enters a 
data compression unit 12 (based on JPEG) via a digital 
signal processor (DSP) 11. In the DSP 11, the image 
data of 10-bit depth is converted into 8-bit data after y 
correction (7 = 0.45). The compression ratio is set in 
advance in the data compression unit 12, dependent 
upon the connected storage medium 8-1 or 8-2. The 
data entered the data compression unit 12 is com- 
pressed with the compression ratio, and stored in the 
storage medium 8-1 or 8-2. 

Next, the second image of the object, among the 
plurality of images to be sensed, is sensed. Before 
sensing the second image, the optical LPF set 1 or 2 is 
inserted/extracted in accordance with the selected 
image sensing mode. Thereafter, by driving a CCD 
shifting unit (e.g., piezoelectric element) 9, the relative 
position of the CCD 3 is moved in the horizontal direc- 
tion or the vertical direction, then the second image is 
sensed. The flow of data of the second image is same 
as that of the data of the first image. The aforesaid proc- 
esses are repeated a predetermined number of times, 
and compressed data of a plurality of images sensed as 
shifting the CCD 3 are stored in the storage medium 8- 
1 or 8-2. 

After the last image of the object is sensed, a proc- 
ess of combining the data of the plurality of images 
starts. Necessary portions of data is read out from the 
storage medium 8-1 or 8-2 and decompressed by the 
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data compression unit 12, then converted into 10-bit lin- 
ear data by the DSP 1 1 . Thereafter, the order of the 
image data are rearranged in accordance with the posi- 
tions of the CCD 3 in pixel shifting. Further, the image 
data is applied with various signal processes, such as 
color conversion, aperture correction and base clipping, 
then compressed again by the data compression unit 12 
if necessary, and written to the storage medium 8-1 or 
8-2. The compression ratio at this time may be 

Note, the data to be processed is often a great 
amount, thus the process of combining the stored data 
is performed by reading image data from the storage 
medium 8-1 or 8-2 by block, in other words, by reading 
the image data for corresponding area of each image 
data. 

(Patterns of Pixel Shifting > 

Next, patterns of pixel shifting in each image sens- 
ing mode will be described in detail. 

Mode 1 

Figs. 3A to 3F are explanatory views showing 
image sensing point arrays in the mode 1. In the first 
embodiment, color filter chips of C (cyan), G (green) 
and Y (yellow) are arranged in vertical stripe, as shown 
in Fig. 2, and provided on the CCD 3 having 1536 x 
1024 pixels (about 1 ,500,000 pixels) as an on-chip filter. 
A pixel shifting pattern by using the above CCD 3 will be 
described with reference to Figs. 3A to 3F. Image sens- 
ing points to which color filter chips of each color (C, G 
and Y) contribute are shown by different kinds of circles 
for making it easier to understand. 

At first, the first image is sensed (Fig. 3A). The 
image sensing point array where the first image is 
sensed are referred as "reference image sensing point 
array", hereinafter. Next, the CCD 3 is shifted by the dis- 
tance corresponding to the interval between pixels 
("pitch") in the horizontal direction, then the second 
image is sensed. In the second image, image sensing 
points contributed by C in the first image are contributed 
by G (Fig. 3B). Similarly, the CCD 3 is further shifted by 
a pitch in the horizontal direction, then the third image is 
sensed. In the third image, the points contributed by G 
in the second image are contributed by Y (Fig. 3C). 
Next, the fourth image is sensed in image sensing point 
array which is at a position shifted by a half pitch in the 
horizontal direction from the position of reference image 
sensing point array shown in Fig. 3A (Fig. 3D). Then, 
the fifth image is sensed in image sensing point array 
which is at a position shifted by a pitch in the horizontal 
direction from the position of the image sensing point 
array for the fourth image, shown in Fig. 3D. Accord- 
ingly, the points contributed by C in the fourth image are 
contributed by G in the fifth image (Fig. 3E). Further, the 
sixth image is sensed in image sensing point array 
which is at a position shifted by a pitch in the horizontal 
direction from the position of the image sensing point 



array for the fifth image shown in Fig. 3E (Fig. 3F). The 
image data of the six sensed images corresponds to 
data of images of three colors, C, G and Y each sensed 
at image sensing points of a CCD having about 

5 1,500,000 pixels and at their interpolation points in the 
horizontal direction. 

The seventh image is sensed in image sensing 
point array which is at a position shifted by a half pitch in 
the vertical direction from the position of the reference 

10 image sensing point array. Thereafter, the CCD 3 is fur- 
ther shifted in the horizontal direction from the position 
where the seventh image is sensed to obtain five more 
images, and the method of shift in the horizontal direc- 
tion is same as that explained with reference to Figs. 3A 

75 to 3F. 

The image data of another six sensed images cor- 
responds to data of images of three colors, C, G and Y, 
each sensed at image sensing points of a CCD having 
about 1 ,500,000 pixels shifted by a half pitch in the ver- 

20 tical direction with respect to the reference image sens- 
ing array and at their interpolation points in the 
horizontal direction. 

Therefore, the image data of twelve sensed images 
corresponds to data of images of three colors, C, G and 

25 Y, each sensed in the reference image sensing point 
array of a CCD having about 1,500,000 pixels, their 
interpolation points in the horizontal direction, their 
interpolation points in the vertical direction and image 
sensing points shifted by a half pitch both in the horizon- 

30 tal and vertical directions from the reference image 
sensing point array. This is equivalent to data of images 
of three colors each sensed by about 6,000,000 pixels 
of a CCD. In other words, the data obtained by sensing 
twelve images is equivalent to data obtained with three 

35 CCDs, each of which has about 6,000,000 pixels, in a 
single image sensing process. Therefore, the mode 1 is 
also called as "three high resolution image sensor 
mode". 

Flow of the obtained image data is shown in Figs. 
40 4A and 4B. 

The data of twelve images each obtained by read- 
ing the CCD 3 having 1536 x 1024 pixels is rearranged 
so as to form three images consisting of 3072 x 2018 
pixels (Fig. 4A). Thereafter, the rearranged data is 
45 applied with a matrix operation, thereby transformed 
into R, G and B data. The matrix operation is as follow. 
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Thereafter, processes, such as base clipping (BC), 
aperture correction (APC) and y correction, are applied 
to the R, G and B data, and 8-bit R, G and B data is gen- 
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erated (Fig. 4B). 

Note, in the mode 1 , neither the LPF set 1 (2-1) nor 
the LPF set 2 (2-2) is inserted into the light path. 

Mode 2 5 

Mode 2 will be explained below. Figs. 5A and 5B 
are explanatory views showing image sensing point 
arrays in the mode 2. 

First, the optical LPF set 1 is inserted in the light 10 
path. Then, the first image is sensed in the image sens- 
ing point array shown in Fig. 5A (reference image sens- 
ing point array). Thereafter, the image sensing point 
array is shifted by 1 .5 pitches in the horizontal direction 
and by a half pitch in the vertical direction, then the sec- 75 
ond image is sensed in the image sensing point array 
shown in Fig. 5B. 

When the reference image sensing point array 
shown in Fig. 5A and the image sensing point array, 
shown in Fig. 5B, in which the second image is sensed 20 
are combined, the resulted image sensing points 
appear as an array shown in Fig. 6. Accordingly, the 
obtained data is equivalent to data obtained by using a 
single CCD having about 3,000,000 pixels in a single 
image sensing process. It should be noted that the com- 25 
bined image sensing points are not at intersections of 
cross stripes in the right direction, but at intersections of 
cross stripes tilted by 45 degrees according to the first 
embodiment. 

Next, signal processing in the mode 2 will be 30 
described. Figs. 7A and 7B are explanatory views for 
explaining generation of luminance signals in the mode 
2. As seen in Figs. 7A and 7B f by taking data when 
switching alternatively between two adjacent horizontal 
lines, luminance signals are generated. More specifi- 35 
cally, the data for the odd-number lines (Fig. 7A) which 
forms half of a final combined image and the data for the 
even-number lines (Fig. 7B) which forms the other half 
of the combined image can be obtained by alternatively 
reading data in two adjacent horizontal lines of image 40 
sensing point array, as shown in Fig. 6, in different com- 
binations. By reading the data obtained in the image 
sensing point array in a way as described above, image 
data equivalent to image data obtained by using a sin- 
gle image sensor having about 6,000,000 pixels in one 45 
image sensing operation can be obtained. 

Then, the luminance signals of the even-number 
line data and of the odd-number line data obtained as 
described above are applied with base clipping, aper- 
ture correction and y correction, then outputted. so 

As for color signals, the C, G and Y signals before 
being read by two adjacent lines are separately read 
out, converted into R, G and B signals by a matrix 1 unit 
(same as in the mode 1), passes through LPFs and y 
correction circuits, then enter a matrix 2 unit (shown in 55 
Fig. 8). 

In the matrix 2 unit, the R, G and B signals are con- 
verted to color difference signals, R-Y, B-Y and B-Y 
Thereafter, the generated color difference signals are 



added with luminance signals Y which are obtained as 
described above, thereby obtaining R, G and B signals. 

<< Optical LPF set 1 >> 

Next, an optical LPF set 1 will be described in 
accordance with the images sensed in the mode 2. Fig. 
9 is a graph showing color carrier and luminance carrier 
generation points in a frequency space in an image 
sensed in the image sensing point array shown in Fig. 6 
(mode 2). In Fig. 9, fs is the sampling frequency in the 
horizontal direction, and f 's is the sampling frequency in 
the vertical direction. The optical LPF set 1 (2-1) for 
dealing with the carriers shown in Fig. 9 reduces the 
color carrier signals on oblique dashed lines labeled by 
traps 1 and 2 in Fig. 10 so as to make the response 
equal to 0, and reduces the luminance carrier signals on 
a vertical dashed line labeled by trap 3 in Fig. 10 so as 
to make the response be 0. The optical LPF set 1 hav- 
ing the aforesaid characteristics can be made of three 
quartz plates. 

Mode 3 

Next, mode 3 will be described. Figs. 11A to 11 C 
are explanatory views showing image sensing point 
arrays in the mode 3. 

In the mode 3, neither the optical LPF set 1 nor 2 is 
set in the light path. First, the first image is sensed (Fig. 

I IA) . Then, the CCD 3 is shifted by a pitch in the hori- 
zontal direction, then the second image is sensed (Fig. 

I IB) . Thereafter, the CCD 3 is further shifted by a pitch 
in the horizontal direction, then the third image is 
sensed (Fig. 11C). 

As a result, image data of images of three colors, C, 
G and Y, each sensed at image sensing points of a CCD 
having about 1 ,500,000 pixels are obtained. This equiv- 
alent to image data sensed by using three image sen- 
sors each having about 1,500,000 pixels in one image 
sensing operation. This is why the mode 3 is also called 
as "three normal resolution image sensor mode". 

The obtained image data is rearranged to form 
three images of C, G and Y (Fig. 12). The processes 
applied to the rearranged signals are mostly the same 
as in the mode 1 explained with reference to Fig. 4B. 

Mode 4 

Mode 4 will be now described. Figs. 13A and 13B 
are explanatory views showing image sensing point 
arrays in the mode 4. 

In the mode 4, the optical LPF set 2 is inserted in 
the light path. Thereafter the first image is sensed (Fig. 
13A). Next, the CCD 3 is shifted by 1.5 pitch in the hor- 
izontal direction and the second image is sensed (Fig. 
13B). 

Fig. 14 shows a combined image sensing point 
array when the two images obtained as above are com- 
bined. As seen in Fig. 14, the density of the image sens- 
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ing points in the horizontal direction in mode 4 is double 
the density of the image sensing points of the CCD 3, 
and color carrier shifts to higher frequency. 

Next, signal processing in mode 4 will be described. 
Figs. 15A and 15B are explanatory views showing sig- s 
nal processing in the mode 4. The image data of the two 
sensed images are combined together to be data of an 
image composed of 3072 x 1024 pixels (Fig, 15A). 
Thereafter, the combined data is applied with signal 
processes and inputted into an anisotropic magnifica- io 
Won circuit so as to generate R, G and B signals (Fig. 
15B). The anisotropic magnification circuit can be a sim- 
ple digital LPF or an adder for adding two adjacent pix- 
els in horizontal lines. 

15 

((Optical LPF set2)> 

Fig. 16 is a graph showing points where color and 
luminance carrier signals are generated and trap of the 
optical filter set 2. when the optical LPF set 2 is used, 20 
carrier signals are trapped in a frequency which is much 
lower than an actual frequency (i.e., Nyquist frequency 
of color signals), thereby greatly reducing color moir6. 

Mode 5 25 

Mode 5 will be explained. This mode is called the 
"single normal resolution image sensor mode 2. 

After the optical LPF set 2 is inserted into the light 
path, data of an image is sensed. An image sensing 30 
point array in the mode 5 is shown in Fig. 17. 

Signal processes in the mode 5 is similarly to those 
explained in the mode 2 with reference to Fig. 8. Fig. 18 
is a graph showing points where color and luminance 
carrier signals are generated and trap of the optical filter 35 
set 2. An optical LPF which traps signals at the trap fre- 
quency shown in Fig. 18 can be realized with a quartz 
plate. 

As described above, with the image sensing appa- 
ratus of the first embodiment of the present invention, 40 
appropriate signal processes are applied to image data 
in accordance with a selected image sensing mode. 
Relationship between the image sensing modes, the 
optical LPF used, and the number of sensed images is 
shown in the following table. 45 





Optical LPF 


Number of Images 


Mode 1 


None 


12 


Mode 2 


Set 1 


2 


Mode 3 


None 


3 


Mode 4 


Set 2 


2 


Mode 5 


Set 2 


1 



As described above, it is possible for a user to 



select a mode in accordance with an object to be 
sensed. 

(Data Transfer Process to Storage Medium) 

Next, relationship between storage media and com- 
pression ratios will be described. 

If the speed of each write and read operation 
to/from a storage medium (e.g., flash memory) is slow, 
it takes a long time to write and read image data to/from 
the storage medium. This implies that it requires a 
longer time for sensing an image. Therefore, where a 
storage medium to/from which speed of writing and 
reading data is slow, the speed is determined in the ini- 
tial self-check process, and the compression ratio 
applied to image data to be stored in the storage 
medium is changed (more specifically, when the speed 
is slow, then the image data is more compressed), 
thereby compensating the total time of image sensing 
operations for obtaining a final combined image. 

For example, assuming that image sensing opera- 
tions are performed in the same image sensing mode, 
e.g., in the mode 1 , and the speed of writing to the hard 
disk drive 8-1 and the speed of writing to the flash mem- 
ory 8-2 are, 

HDD: 3 MB/s 

Flash memory: 1 .5 MB/s. 

Since data of twelve images are to be stored in the 
mode 1 , if the compression ratio for writing to the HDD 
8-1 is 2:1 and the data of one image is about 1.5 MB, 
then the total time required to writing all of the data to 
the HDD 8-1 is, 

1.5 MB x 12 images x 1/2 + 3 MB/s = 3 s. 

If the same compression ratio is used to write all the 
data to the flash memory 8-2, the time required is, 

1.5 MB x 12 images x 1/2 - 1.5 MB/s = 6 s. 

As apparent from above, two times longer is required to 
store all the data in the latter case. Therefore, in the first 
embodiment, since it is known that the speed of the 
flash memory 8-2 is slower by the self-check process, in 
a case where the flash memory 8-2 is used, the com- 
pression ratio is changed to 4:1 accordingly. As a result, 
the time required becomes, 

1.5 MB x 12 images x 1/4^ 1.5 MB/s = 3 s. 

Thus, it takes the same time to store the twelve images 
as that in the case where the HDD is used. 

Images are somewhat deteriorated, however, it is 
advantegeous since the time required for image sensing 
operations to obtain a combined image of high resolu- 
tion is shortened. Note, where a storage medium 
to/from which speed of writing and reading is very slow 
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is used, it is possible to limit the compression ratio so as 
to prevent too much deterioration of the sensed images. 
In which case, however, there is a problem in which the 
time for completing image sensing operations becomes 
longer. 5 

As described above, upon storing image data, 
whose amount differs depending upon each mode, in a 
storage medium whose operation speed differs depend- 
ing upon the kind of the storage medium, it is possible to 
stabilize the performance of the image sensing appara- 10 
tus by changing compression ratios. 

(White Balance) 

Next, white balance process in the data compres- is 
sion process will be described. In the first embodiment, 
unprocessed image data from the CCD 3 of 1 0-bit depth 
is converted into 8-bit signals by using a table stored in 
the DSP 1 1 with y of 0.45. It is possible to perform white 
balance process before transforming the image data of 20 
10-bit depth. 

More specifically, coefficients to be used in the 
white balance process are adjusted on the basis of the 
values of C, G and Y data at a point which is most likely 
"white" in an image so that the values of the C, G and Y 25 
data at the white point multiplied by the adjusted coeffi- 
cients consequently have the same value. For example, 
if the values of the C, G and Y data at a white point in an 
image read, 

C= 200,G = 250. Y = 100, 30 
then, the values of C and Y data of all the pixel are 
transformed in accordance with the following equations, 



35 



C'= 1.25 x C, 
Y' = 2.5 x Y 
G* = G 



Accordingly, aliasing noises are especially reduced 40 
when sensing a non-chromatic object, and the deterio- 
ration of image becomes not very noticeable when data 
compression in the JPEG standard method is per- 
formed. The white balance process as described above 
is to be performed by the DSP 1 1 during compressing 45 
image data. 

[First Modification of the First Embodiment] 

Next, the first modification of the first embodiment so 
will be explained. 

In thef irst embodiment, the optical LPF set 1 is pre- 
pared exclusively for the mode 2, and a combined 
image of high resolution is obtained from two sensed 
images in the mode 2. However, it costs considerably to 55 
prepare the optical LPF set 1 which is used only in the 
mode 2. 

In order to omit the optical LPF set 1 , it is possible 
to sense an image of high precision with two images 



sensed without a LPF set for obtaining luminance sig- 
nals and an image sensed with the optical LPF set 2 for 
obtaining color signals. The two images for obtaining 
luminance signals are sensed in the same manner as in 
the mode 2 but without the optical LPF set 1 . Then, only 
the luminance signals are generated from these two 
images. Next, an image is sensed in the same manner 
as in the mode 5. Only the color signals are used out of 
the data of the image, and added with the luminance 
signals obtained from the two images. It should be 
noted that the color signals in this case have to be inter- 
polated and expanded. 

According to the first modification of the first 
embodiment, the number of images to be sensed 
increases by one compared to that of mode 2, however, 
it is possible to reduce the manufacturing cost. 

[Other Modification of the First Embodiment] 

It is possible to omit the optical LPF set 2. In this 
case, however,' color carriers can not be reduced, thus 
moir6 remains. However, it is possible to reduce the 
manufacturing cost. 

Further, the use of the LPF sets in the first embodi- 
ment is an example, and any configuration may be pos- 
sible as far as it can trap the color carriers and the 
luminance carriers. Further, as for the material of the 
optical LPF sets, it is not limited to quartz plates, but can 
be other optical materials. 

Furthermore, when taking two images for obtaining 
luminance signals and one image for obtaining color 
signals as described in the first modification of the first 
embodiment, it is advantegeous to take the images for 
obtaining luminance signals, first, then to take the 
image for obtaining color signals. This is because inser- 
tion/extraction of an optical LPF set produce vibration 
somewhat, and by taking the images for luminance sig- 
nals which contribute to improve resolution, the influ- 
ence of vibration can be reduced. 

Furthermore, not all of the edges of an image can 
expressed in high resolution by sensing the image by 
using pixel shifting technique. For solving this problem, 
data corresponding to those edges which are not 
expressed in high resolution is generated by interpolat- 
ing the first sensed image to compensate missing data, 
thereby avoiding the combined image from being unnat- 
ural. 

Further, the CCD is moved by using a piezoelectric 
element or the like in the first embodiment, however, it is 
also possible to shift the light path of images by using an 
optical material, such as a wedge-shaped glass plate. 

Further, the color filter is composed of color filter 
chips of complementary colors in the first embodiment, 
however, it is also possible to compose it with color filter 
chips of primary colors. 

According to the first embodiment and its modifica- 
tions as described above, since an image sensing mode 
can be manually selected in accordance with character- 
istics of an object to be sensed, it is possible to obtain a 
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combined image of high resolution effectively with the 
smaller number of images as well as to realize high 
speed image sensing operation depending upon the 
speed of writing and reading to/from a storage medium. 

5 

[Second Embodiment] 

In a second embodiment, focusing on an object, 
measurement of light exposure, and white balance con- 
trol of an image sensing apparatus adopting pixel shift- io 
ing technique will be explained. 

Fig. 1 9 is a block diagram illustrating a configuration 
of an image sensing apparatus according to the second 
embodiment of the present invention. 

In Fig. 19, reference numerals 21 and 22 denote is 
object lenses, and specifically, reference numeral 21 
denotes a focusing lens system and reference numeral 
22 denotes other object lenses; 23, an iris diaphragm; 
24, an optical LPF; 25, a solid-state image sensing 
device, such as a CCD; 26, a pixel shifting unit; 27, an 20 
A/D converter; 28, a memory controller; 29, a digital sig- 
nal processor (DSP); 210, a memory; 211, a focus 
detector; 212, exposure detector; 213, a white balance 
(WB) detector; 214, a system controller; 215, a focus 
controller; 216, a focusing lens driver; 21 7, a lens posi- 2s 
tion detector; 218, an iris diaphragm controller; 219, an 
iris diaphragm driver; 220, a CCD driver; 221, a D/A 
converter; and 222, a hard disk. 

An operation of the image sensing apparatus hav- 
ing the aforesaid configuration will be described next. 30 
Note, in the following explanation, exposure control 
includes control of incoming external light, such as con- 
trol of iris diaphragm, shutter speed, and stroboscope 
operation. 

The quantity of light of luminous flux which passed 35 
through the focusing lens system 21 for controlling 
focus is controlled by the iris diaphragm 23, further 
passes through the lens 22 and the optical LPF 24 
which is made of quartz, then forms an image on the 
solid-state image sensing device 25. The optical LPF 24 40 
has spatial frequency characteristics to make the 
response be 0 at Nyquist frequency of a combined 
image which is finally obtained by using pixel shifting 
technique (i.e., 1/2 of the Nyquist frequency of the solid- 
state image sensing device 25) . It acts so as to reduce 45 
aliasing noises. 

The solid-state image sensing device 25 shifts on a 
plane which is perpendicular to the optical axis by the 
pixel shifting unit 26. On the solid-state image sensing 
device 25, a color filter array composed of color filter so 
chips of complementary colors, Cy. Ye, Mg and G, are 
provided as shown in Figs. 20A to 20D. 

Now, it is assumed that the solid-state image sens- 
ing device 25 have square pixels having a pitch p. The 
pixel shifting unit 26 can shift the solid-state image ss 
sensing device 25 in the horizontal and vertical direc- 
tions as indicated by arrows in Fig. 20 A by using a pie- 
zoelectric element. After sensing an image 1 at the 
position shown in Fig. 20B, the pixel shifting unit 26 



shifts the solid-state image sensing device 25 in the hor- 
izontal direction by p/2 and an image 2 is sensed at the 
position shown in Fig. 20C. The pixel shifting unit 26 fur- 
ther shifts in the vertical direction by p/2 and an image 3 
is sensed at the position shown in Fig. 20D, finally, shifts 
in the horizontal direction (the opposite direction to that 
the solid-state image sensing device 25 is shifted for 
sensing the image 2) by p/2 and an image 4 is sensed 
at the position shown in Fig. 20E. With these four 
images 1 to 4, it is possible to obtain image data, as 
shown in Fig. 21, which corresponds to sensing an 
image at p/2 pixel intervals (with the same pixel aper- 
ture as of the solid-state image sensing device 25). 
Accordingly, it is possible to obtain a combined image of 
higher resolution than an image sensed by the solid- 
state image sensing device 25 in a single image sens- 
ing operation. 

As for an operational sequence, in practice, in the 
image sensing operation for the first image 1 , the focus- 
ing operation on the object, measurement of light expo- 
sure are performed and white balance is controlled. 
Image signals obtained from the solid-state image sens- 
ing device 25 are converted into digital signals by the 
A/D converter 27, passes through the memory control- 
ler 28, then transmitted to the DSP 29. 

The DSP 29 generates luminance signals of an 
area which is assigned for focusing, then the generated 
luminance data is transmitted to the focus detector 211. 
The focus detector 21 1 is composed of a band-pass fil- 
ter (BPF) 21 1a and an integrator 21 1 b as shown in Fig. 
22. The BPF 21 1a passes the middle to high frequency 
components of the inputted luminance signals, and the 
integrator 211b integrates the values of these signals. 
The middle to high frequency components corresponds 
to contrast of the sensed object, thus the difference in 
contrast, namely the integrated value of the middle to 
high frequency component values, can be considered 
as a focus evaluation value. This value has characteris- 
tics expressed by a concave-down shaped graph as 
shown in Fig. 23, in which the maximum value corre- 
sponds to the focusing state, and as the value 
decreases, it shows that an image is more defocused. 

Accordingly, the focus evaluation value obtained by 
the focus detector is transmitted to the system controller 
214, and the system controller 214 controls the focusing 
lens driver 216, through the focus controller 215, to 
drive the focusing lens system 21 so as to move in the 
direction in which the focus evaluation value increases. 
The lens position detector 21 7 is for detecting the posi- 
tion of the focusing lens system 21 , and the output from 
the lens position detector 217 is fed back to the focus 
controller 215. The aforesaid operation is repeated, and 
when the focus evaluation value outputted from the 
focus detector 211 reaches the maximum, then the 
focusing operation is completed. 

Further, the exposure detector 212 detects the cur- 
rent light exposure on the basis of the luminance signals 
obtained from the area which is set in advance for expo- 
sure measurement, then sends the detected informa- 
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tion on exposure to the system controller 214. Then, 
electrical shutter speed and exposure value of the iris 
diaphragm are set so that the proper exposure can be 
achieved. Then the CCD driver 220 drives the solid- 
state image sensing device 25 at desired shutter speed, 5 
and the iris diaphragm controller 218 and the iris dia- 
phragm driver 219 controls the opening of the iris dia- 
phragm 23 to adjust the quantity of incoming light. 

Further, the WB detector 213 detects a white point 
in the image on the basis of the color signals obtained 10 
from the DSP 29, then coefficients, for taking white bal- 
ance, which color signals are multiplied by are transmit- 
ted to the DSP 29 through the system controller 214. 
These coefficients are used as parameters upon com- 
bining sensed images. 75 

As described above, after focusing on the object, 
measuring light exposure and controlling white balance, 
an image is focused, and the image 1 is sensed under 
the proper exposure conditions. Thereafter, the image 1 
is temporarily stored in the memory 210 with the coeffi- 20 
cients to be used for the white balance correction. 

Next, the pixel shifting unit 26 shifts the solid-state 
image sensing device 25 in the horizontal direction by 
p/2, then the image 2 is sensed. Upon sensing the 
image 2, the focusing on the object, measurement of 25 
light exposure, and white balance control are not per- 
formed, and the image 2 is sensed under the same con- 
ditions as for sensing the image 1. The image 2 is 
stored in the memory 210. 

The same image sensing conditions are kept upon 30 
sensing the images 3 and 4, and the focusing on the 
object, measurement of light exposure, and white bal- 
ance control are not performed. Similarly to sensing the 
image 2, the solid-state image sensing device 25 is 
shifted by p/2 in the vertical direction as shown in Fig. 35 
20C and senses an image, then the image 3 is stored in 
the memory 210. Next, the solid-state image sensing 
device 25 is further shifted by p/2 in the horizontal direc- 
tion and senses an image, then the image 4 is stored in 
the memory 210. 40 

With the images 1,2,3 and 4, and the coefficients 
for white balance correction obtained while processing 
the image 1 , the DSP 29 generates a combined image 
having twice higher resolution both in the horizontal and 
vertical directions than the resolution of the pixels of the 45 
solid-state image sensing device 25. This combined 
image is outputted in the form of analog video signals 
which are converted by the D/A converter 221 , as well 
as stored in the hard disk (HD) 222 as digital data. 

As described above, the image sensing conditions so 
based on the focusing on the object, measurement of 
light exposure, and white balance correction performed 
during sensing the first images are fixed, and the sec- 
ond and later images are sensed under the same image 
sensing conditions, thereby the plurality of images to be 55 
combined for generating a single combined image are 
sensed under the same image sensing conditions. 
Therefore, it makes it easier to combine the plurality of 
images. Furthermore, exhaustion of a battery becomes 



slow. 

According to the second embodiment as described 
above, in a case of sensing a plurality of images by 
changing the relative positions between an image sens- 
ing device and an object and generating a single com- 
bined image of high resolution from the plurality of 
images, it becomes unnecessary to focus on the object, 
measure light exposure and control white balance each 
time when sensing the second or later images by fixing 
the image sensing conditions based on the focusing on 
the object and measurement of light exposure, and 
white balance control performed during sensing the first 
image and applying the fixed conditions to sense the 
second or later images. Accordingly, in a case where 
the image sensing conditions do not change much, 
such as a case of sensing a still life, the plurality of 
sensed images include less unevenness. Further, it 
becomes unnecessary to repeatedly focus on the object 
and measure light exposure and control white balance 
after they are measured once, thereby the time for 
image sensing operation is shortened as well as 
exhaustion of a battery becomes slower. 

In the second embodiment, the solid-state image 
sensing device 25 is shifted in the vertical and horizon- 
tal directions by p/2 to sense four images to generate a 
single combined image of high resolution. However, the 
pixel shifting pattern and the number of the images to be 
sensed are not limited as above, and any pixel shifting 
patterns can be applied as far as a plurality of images 
are sensed and these sensed images can be combined 
into a single image. For example, the pixel shifting pat- 
terns explained in the mode 1 to the mode 4 in the first 
embodiment can be applied to the second embodiment. 

[Third Embodiment] 

In the third embodiment, an apparatus capable of 
sensing a still image during sensing a moving image will 
be explained. In the third embodiment, a variable apical 
angle prism is used for shifting image formation posi- 
tion. 

Fig. 24 is a block diagram illustrating a configuration 
of the image sensing apparatus of single image sensor 
type according to the third embodiment of the present 
invention. 

Referring to Fig. 24, an operation of the image 
sensing apparatus according to the third embodiment 
will be described. A traveling path of an image of an 
object which enters through a lens 31 is shifted by a var- 
iable apical angle prism 32. Thereafter, the image 
passes through a color filter 33a, the image of the object 
is formed on the surface of a CCD 33 which is as an 
image sensing device. 

As shown in Fig. 24, the variable apical angle prism 
32 is composed in such a manner that two transparent 
plates 3102a and 3102b are shielded with expandable 
and contractile members 3101a and 3103b, and the 
area inside of the shielded plates is filled with liquid 
3120 of a high refractive index. By tilting the transparent 
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plates 31 02a and 3102b with respect to the optical axis, 
it is possible to shift the image formation position on the 
CCD 33. The variable apical angle prism 32 will be 
described later in detail with reference to Fig. 30. 

The CCD 33 converts the formed image of the s 
object into electrical signals, then the obtained electrical 
image signals are applied with sample and hold proc- 
ess, thereafter, converted into digital image signals by a 
sample and hold (S/H) and analog -digital (A/D) con- 
verter 34. A memory controller 35 takes the digital 10 
image signals and writes them in a memory 36, thereaf- 
ter, reads out the digital image signals from the memory 
36 and sends them to a digital signal processor (DSP) 
37. The signals processed by the DSP 37 are transmit- 
ted to a D/A converter 38 via the memory controller 35 is 
and converted into analog signals, and outputted as 
video signals of a predetermined form. Further, the sig- 
nals processed by the DSP 37 or the video signals can 
be stored by a recording device 320. 

The aforesaid operation can be performed under 20 
control of a system controller 39. Further, the system 
controller 39 controls pixel shifting by the variable apical 
angle prism 32 via a prism controller 3 1 0 as well as con- 
trols to drive the CCD 33 via a CCD driver 311. 

Fig. 25 is an explanatory view showing an arrange- 25 
ment of color filter chips, composing a color filter 33a, 
provided on the surface of the CCD 33. 

As shown in Fig. 25, G filter chips are arranged at 
every other pixels in every line in such a manner that no 
two consecutive pixels both in the horizontal and vertical 30 
directions are provided with G filter chips, and the 
remaining pixels are provided with either R or B filters. 
This arrangement shown in Fig. 25 is called Bayer 
arrangement. 

Next, a method of processing signals when the 35 
color filter having aforesaid arrangement will be 
described. 

First, a luminance signal Y1 in the first line is 
obtained by reading pixel values on the line by switch- 
ing, 40 

Y1=G 11 ,R 11 ,G 21 ,R 2V G 31 ... 

Similarly, luminance signal of each line can be obtained 
as following examples. 45 

Y2 = B 12 , G-12. B 22 , B 22 ... 

Y3 = G 13 , R 13 , G 23 , R 23 ... 

50 

Next, low frequency color signals, R|_, Gj_ and B L 
are generated. These signals are obtained by interpola- 
tion between pixel values by using a low-pass filter as 
described below. 

55 

R u =R 1 v(R 11 +R 21 )/2, R 21 , (R 21 +R 31 )/2... 
Gli = G n ,(G 11+ G 21 )/2,G 21 , (G 21 +G 31 )/2... 



20 

B L1 = B 11f (B 11+ B 21 )/2, B 21> (B 21 +B 31 )/2... 

Next, color difference signals, R-Y, B-Y are gener- 
ated by using these low frequency color signals, R L , G L 
and B L . 

The above processes are performed by the DSP 
37. Fig. 26 is a block diagram illustrating a configuration 
of a unit for a moving image processing in the DSP 37. 

A frame data stored in the memory 36 passes 
through a LPF 312, then through a band-pass filter 313, 
thereby aperture correction signals APC are obtained. 
The APC signals are added to signals from the LPF 312 
by an adder 314, and luminance signals Y are obtained. 

Meanwhile, the frame data is also applied with color 
separation by a color separation circuit 31 5 to obtain R, 
G and B signals. These R, G and B signals pass 
through the LPFs 316, then the low frequency signals 
R L , G L and B L are obtained. Further, these signals R L , 
G L and B L are applied with a matrix operation by a 
matrix circuit 31 7, thereby the color difference signals 
R-Y and B-Y are generated. 

Next, timing of reading pixel data from the CCD 33 
and timing to control the variable apical angle prism 32 
will be explained. 

Fig. 27 shows a brief configuration of the CCD 33. 

Referring to Fig. 27, electrical charge converted by 
each photodiode 33a is read out to a vertical register 
33b, and transferred to two horizontal registers 33c and 
33d by two lines in one horizontal blanking period in 
accordance with a vertical driving pulse VCCD. The 
transferred charge is outputted via output amplifiers 33e 
and 33f in one horizontal scanning period in accordance 
with horizontal driving pulses HCCD. 

If it is assumed that the CCD 33 has 640 pixels in 
the horizontal direction and 480 pixels in the vertical 
direction, then 

(640 x 2) x 240 

pixels, namely all the pixels, can be read out in one field 
period. In a case where the obtained image data is out- 
putted as a moving image, first and second lines, third 
and fourth lines, and so on, are added to generate 
image data of an ODD field, and second and third lines, 
fourth and fifth lines, and so on, are added to generate 
image data of an EVEN field, and outputted as a field 
image consisting of 240 lines in one field period. 

Fig. 28A to Fig. 28E are timing charts showing tim- 
ing of operation of the CCD 33 and the variable apical 
angle prism 32 when all the pixels are read out in one 
field period. 

Fig. 28A is a timing chart of afield index signal, and 
shows a period for reading out the ODD field and a 
period for reading out the EVEN field of a moving 
image. Fig. 28B is a timing chart of SYNC pulses and 
shows a horizontal synchronization signal. Fig. 28C is a 
timing chart of the vertical driving pulses VCCD, and 
Fig. 28D is a timing chart of the horizontal driving pulses 
HCCD. Further, Fig. 28E shows a prism position control 
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pulse for controlling the position of the variable apical 
angle prism 32. This pulse is for setting the variable api- 
cal angle prism 32 in the different positions when read- 
ing image signals for the ODD field and when reading 
image signals for the EVEN field, to shift pixels. 5 

Fig. 29B is an enlarged view of a part (a) of the tim- 
ing chart, shown in the Fig. 28D, of the horizontal driving 
pulse HCCD when reading image signals for the ODD 
field, and Fig. 29C is an enlarged view of a part (b) of 
the timing chart, shown in Fig. 28D, when reading 10 
image signals for the EVEN field. The both Figs. 29B 
and 29C are shown in relationship with a horizontal 
blanking (BLK) period. 

More specifically, for reading image signals for the 
ODD field, it starts reading the horizontal registers 33c is 
and 33d at normal scanning timing. Whereas, for the 
EVEN field, it starts reading them at timing which is one 
pixel behind. 

Thus, in a case of outputting the obtained image 
data as a moving image, it is possible to compensate 20 
the shift of image formation positions on the surface of 
the CCD 33 by the variable apical angle prism 32 by 
controlling timing to read out image data from the CCD 
33 depending upon whether reading for the ODD field or 
reading for the EVEN field. Note, the shifting amount, 25 
namely one pixel distance, corresponds to the shifted 
amount of the image of the object. 

According to the aforesaid operation, in a case of 
sensing a continuous moving image with the CCD 33, if 
the pixel shifting is performed by each field, it is possible 30 
to prevent the shift of image formation position from 
affecting output of the continuous moving image while 
taking pixel-shifted image data from the CCD 33. 

Fig. 30 is a decomposed perspective view of the 
variable apical angle prism 32. 35 

Referring to Fig. 30, reference numeral 3102a and 
3102b are the two transparent plates facing to each 
other, shielded with a film 3103 which is used as the 
expandable and contractile members 3101a and 3103b. 
Then, the room shielded by the plates 3102a and 3102b 40 
and the film 3103 is filled with liquid 3120 (refer to Fig. 
24) of a high refractive index. Reference numerals 
3104a and 3104b denote holding members for holding 
the transparent plates 3102a and 3102b and are sup- 
ported by a rotational axis 3105a (called "pitch axis", 45 
hereinafter) for tilting in the back and forth directions 
with respect to the optical axis and by a rotational axis 
3105b (called "yaw axis", hereinafter) for rotating in the 
right and left directions with respect to the optical axis, 
respectively. so 

Reference numeral 3106a denotes a driving coil 
fixed at an end of the holding member 3104a, and an 
permanent magnets 3107a and yokes 3108a and 
31 09a are provided so as to put the driving coil 3106a in 
between, and making a closed magnet circuit. Refer- 55 
ence numeral 3111a denotes an arm which is integrally 
configured with the holding member 3104a and has a 
hole 3110a. Reference numeral 3112a is a light emit 
element, such as IRED and reference numeral 31 13a is 



a light receiving element, such as a PSD, which outputs 
different signal depending upon the receiving position of 
luminous flux. These two elements 3112a and 3113a 
are arranged facing each other through the hole 3110a. 
Thus, luminous flux emitted from the light emit element 
3112a passes through the hole 31 10a and incidents on 
the light receiving element 31 13a. 

Reference numeral 31 14a and 31 14b are vibration 
detectors attached to an holding member of the variable 
apical angle prism so as to detect the amounts of vibra- 
tion in the back-and-forth rotational direction (pitch 
direction) and the right-and-left rotational direction (yaw 
direction) of the prism, respectively. Reference numeral 
310a denotes a controller for controlling rotation of the 
transparent plate 3104a, and reference numeral 31 0b is 
a coil driver for driving the driving coil 3106a in accord- 
ance with driving signals from the controller 310a. Fur- 
ther, reference numeral 31 15 denotes a point of action 
of the driving coil 3106a in a space. 

A driving coil 3106b (not shown), a permanent 
magnet 3107b (not shown), yokes 3108b and 3109b 
(not shown), a hole 3110b, an arm 3111b, a light emit 
element 3112b (not shown), and a light receiving ele- 
ment 31 13b (not shown) are also provided for the hold- 
ing member 3104b which is supported by the yaw axis. 
These elements correspond to those referred by 3106a, 
3107a, 3108a, 3109a, 3110a, 3111a, 3112a, 3113a, 
respectively, and operate in the likewise manner, thus 
the explanations of these elements are omitted. 

According to the variable apical angle prism 32 con- 
figured as above, the controller 310a and the coil driver 
310b control and drive the driving coils 3106a and 
3106b (not shown), and tilt the transparent plate 3102a 
and rotate the transparent plate 3102b. Thereby, it is 
possible to shift the light path of the image of the object 
by one pixel in the horizontal direction and/or the verti- 
cal direction by each field. 

Next, a method of obtaining a high resolution still 
image from a plurality of images sensed by field by 
using the aforesaid pixel shifting technique will be 
explained with reference to Figs. 31 A, 31B, 32 A and 
32B. 

Fig. 31 A shows a relative arrangement of the color 
filter by pixel on the surface of the CCD 33 when sens- 
ing the ODD field image. Further, Fig. 31 B shows a rel- 
ative arrangement of the color filter by pixel on the 
surface of the CCD 33 when sensing the EVEN field 
image. As seen from Figs. 31 A and 31 B, the latter 
arrangement is shifted by one pixel in the horizontal 
direction with respect to the arrangement shown in Fig. 
31 A for sensing the ODD field image. Note, in Figs. 31 A 
and 31 B, it looks as if the CCD 33 itself is shifted, how- 
ever, the CCD 33 does not move in the third embodi- 
ment and it is the image formation position that shifted 
to the left in practice. 

As seen in Figs. 31 A and 31 B, image sensing 
points where contributed by G signals in Fig. 31 A are 
contributed by R or B signals in Fig. 31B. Further, at 
image sensing points where contributed by R and B sig- 
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nals in Fig. 31 A are contributed by Q signals in Fig. 31 B. 

By combining and rearranging these data obtained 
with the filter arrangements shown in Figs. 31 A and 
31 B, the first image data as shown in Fig. 32A and the 
second image data as shown in Fig. 32B are obtained, s 
As the first image data, G signals, which contribute to 
generation of luminance signals mostly, are obtained 
throughout the pixels. As the second image data, R and 
B signals are arranged in horizontal stripes. As 
described above, by combining two pixel-shifted images 10 
obtained for the ODD field and the EVEN field, two sets 
of image data, shown in Figs. 32A and 32B, for high fre- 
quency signals are generated. 

A block diagram of a still image processing unit for 
processing these first and second data is shown in Fig. is 
33. 

Referring to Fig. 33, the data for ODD field and the 
data for the EVEN field as shown in Figs. 31 A and 31 B, 
respectively, are color-separated into the first image 
data and the second image data as shown in Fig. 32 A 20 
and 32B by a color separation circuit 321 . Regarding R 
and B signals, they are interpolated in the vertical direc- 
tion by an RB signal vertical interpolation circuit 322, 
thereafter low frequency color signals, R L , G L and B L 
are generated. Further, luminance signals Y are gener- 25 
ated in accordance with the following equation, 

Y = 0.3R + 0.6G + 0.1B 

Next, various kinds of outline compensation 30 
processing and LPF processing are performed by a 
LPF, APC processing circuit 324, thereby luminance 
signals in high frequency range and color difference sig- 
nals, R-Y and B Y are obtained. 

Next, an optical LPF will be explained in accord- 3S 
ance with image data obtained as above. 

The characteristics of pixel arrangement when 
sensing image data in high frequency range are that the 
R and B signals are arranged in horizontal stripes. 
Therefore, frequency components which is higher than 40 
the frequency of the R and B stripes have to be deleted, 
or moir6 will occur. 

In Fig. 34, f sv is a sampling frequency in the vertical 
direction, and f SH is a sampling frequency in the hori- 
zontal direction. As seen from Fig. 34, because of the 45 
repeated pattern of the horizontal stripes, carriers which 
occur at a point where vertical frequency = f sv /2 and 
points where horizontal frequency = 0 and f SH cause 
moire. Therefore, an optical LPF which has a character- 
istic of trapping these frequencies has to be placed in so 
front of the CCD 33. 

By providing the optical LPF, frequency band is con- 
trolled in the vertical direction, however, the point, 
vertical frequency = f sv /2 , is often trapped for prevent- 
ing flicker when sensing a moving image in practice, ss 
thus there is no substantial problem. 

Next, switching between a moving image mode and 
a still image mode will be explained. 

In the third embodiment, the image sensing appara- 
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tus is normally operated in a moving image mode. While 
sensing a moving image, the variable apical angle prism 
32 and the timing to read image signals from the CCD 
are controlled as described above. Further, when a still 
image mode switch, which is not shown, is turned on, 
and the aforesaid combining processes are performed 
on field images which are sensed right after the switch 
is turned on, then the combined image of the two field 
images is outputted. 

In the third embodiment, a color filter of primary 
colors arranged in Bayer arrangement is used, and data 
sensed for the ODD field and data sensed for EVEN 
field are processed to increase the resolution. However, 
the present invention is not limited to this, and a color fil- 
ter of complementary colors arranged in mosaic may be 
used to achieve the same advantages of the present 
invention. 

Fig. 35 shows an example of an arrangement of 
color filter chips of a color filter. With this filter, the varia- 
ble apical angle prism 32 is controlled so that an image 
formation position on the CCD is shifted by one pixel in 
the vertical and horizontal directions, namely four shifts 
make one cycle. In a case where the image formation 
position also shifts in the vertical direction, it is neces- 
sary to also change a timing to read the CCD in the ver- 
tical direction. 

Furthermore, the timing to read signals from the 
CCD 33 is controlled in the third embodiment, however, 
it is possible to compensate the shift when outputting a 
moving image. 

Further, recording method of an output image is not 
explained in the third embodiment, but the image may 
be sequentially recorded as image data is outputted 
from the CCD, or may be recorded after signals from the 
CCD are converted to the luminance and color signals. 
Further, it is also possible to record an image of high 
resolution obtained by combining a plurality of sensed 
images. 

Further, in the third embodiment, a variable apical 
angle prism is used for shifting the image formation 
position on a CCD, however, the present invention is not 
limited to this, and a piezoelectric element may be used 
for shifting the CCD to control the image formation posi- 
tion on the CCD. 

According to the third embodiment as described 
above, by shifting the image formation position on an 
image sensing device by a predetermined amount, e.g., 
a pixel, at a predetermined time interval, such as one 
field, by using a variable apical angle prism, and reading 
out signals from the image sensing device at a timing so 
as to compensate the shifted amount, e.g., a pixel, it is 
possible to provide an image sensing apparatus capa- 
ble of sensing a still image as well as sensing a still 
image and a moving image at the same time at low cost. 

The present invention is not limited to the above 
embodiments and various changes and modifications 
can be made within the spirit and scope of the present 
invention. Therefore to appraise the public of the scope 
of the present invention, the following claims are made. 
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An image sensing apparatus has a plurality of 
image sensing modes each of which performs image 
sensing operation using different pixel shifting method. 
One of these image sensing modes is selected through 
a selection unit in accordance with an object to be 5 
sensed, and a plurality of images of the object are 
sensed in image sensing position arrays on the basis of 
the selected image sensing mode. A combining unit 
combines the plurality of sensed images to obtain a sin- 
gle still image of high resolution. 10 

Claims 

1. An image sensing apparatus which obtains an 
image of high resolution by using pixel shifting tech- 15 
nique, having: 

image sensing means (3) for sensing an image 
of an object to obtain image data, 

20 

characterized by comprising: 

shifting means (9) for shifting image formation 
position of the image of the object on said 
image sensing means;, 25 
selection means (15, 16) for selecting one of a 
plurality of image sensing modes each of which 
performs image sensing operation using differ- 
ent pixel shifting method; and 
combining means (1 1) for combining a plurality 30 
of sensed images. 

2. The image sensing apparatus according to claim 1 , 
further comprising a color filter. 

35 

3. The image sensing apparatus according to claim 1 
or 2, wherein said plurality of image sensing modes 
include a mode for shifting the image formation 
position by a pixel and a mode for shifting the image 
formation position by a half pixel. 40 

4. The image sensing apparatus according to claim 1 
or 2, wherein in each of said plurality of image sens- 
ing modes, a different number of images are 
sensed. 45 

5. The image sensing apparatus according to claim 1 
or 2, wherein said plurality of image sensing modes 
include a first mode for sensing an image in a first 
image sensing point array of said image sensing so 
means, an image in a second image sensing point 
array which is shifted by a half pixel in the horizontal 
direction with respect to the first image sensing 
point array, an image in a third image sensing point 
array which is shifted by a half pixel in the vertical 55 
direction with respect to the first image sensing 
point array, and an image in a fourth image sensing 
point array which is shifted by a half pixel both in the 
horizontal and vertical directions with respect to the 
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first image sensing point array. 

6. The image sensing apparatus according to claim 1 
or 2, wherein said plurality of image sensing modes 
include a second mode for sensing an image in a 
first image sensing point array of said image sens- 
ing means and an image in a second image sens- 
ing point array which is shifted by a half pixel both in 
the horizontal and vertical directions with respect 
the first image sensing point array. 

7. The image sensing apparatus according to claim 6, 
wherein image data of the images sensed in said 
second mode are read out in such a manner that 
image data sensed in a combined image sensing 
point array of the first and second image sensing 
point arrays is read out in different combinations of 
two adjacent horizontal lines to obtain image data 
of an even field and image data of an odd field. 

8. The image sensing apparatus according to claim 1 
or 2, wherein said plurality of image sensing modes 
include a third mode for sensing an image in a first 
image sensing point array of said image sensing 
means and an image in a second image sensing 
point array which is shifted by a half pixel in the hor- 
izontal direction with respect to the first image sens- 
ing point array. 

9. The image sensing apparatus according to claim 1 
or 2, wherein said plurality of image sensing modes 
include a fourth mode for sensing an image at a first 
image sensing point array of said image sensing 
means. 

1 0. The image sensing apparatus according to claim 2, 
wherein said plurality of image sensing modes 
include a fifth mode for sensing images by obtaining 
image data of different colors of the filter at each 
image sensing point in a first image sensing point 
array of said image sensing means,' in a second 
image sensing point array which is shifted by a half 
pixel in the horizontal direction with respect to the 
first image sensing point array, in a third image 
sensing point array which is shifted by a half pixel in 
the vertical direction with respect to the first image 
sensing point array, and in a fourth image sensing 
point array which is shifted by a half pixel both in the 
horizontal and vertical directions with respect to the 
first image sensing point array 

11. The image sensing apparatus according to claim 2, 
wherein said plurality of image sensing modes 
include a sixth mode for sensing an image in a first 
image sensing point array of said image sensing 
means and an image in a second image sensing 
point array which is shifted by a half pixel in the hor- 
izontal direction and by an integer multiple number 
of half pixel in the vertical direction with respect to 
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the first image sensing point array. 

12. The image sensing apparatus according to claim 
1 1 , wherein, in said sixth mode, the second image 
sensing point array is shifted by a half pixel in the s 
vertical direction and shifted by one and half pixels 

in the horizontal direction with respect to the first 
image sensing point array. 

13. The image sensing apparatus according to claim 2, 10 
wherein said plurality of image sensing modes 
include a seventh mode for sensing images by 
obtaining image data of different colors of the filter 

at each image sensing point in a first image sensing 
point array of said image sensing means by shifting 75 
image formation positions on said image sensing 
means the number of times which is the same as 
the number of colors used in the color filter by said 
shifting means. 

20 

14. The image sensing apparatus according to claim 2, 
wherein said plurality of image sensing modes 
include a eighth mode for sensing an image in a 
first image sensing point array of said image sens- 
ing means and an image in a second image sens- 25 
ing point array which is shifted by an integer 
multiple number of half pixel in the horizontal direc- 
tion with respect to the first image sensing point 
array 

30 

15. The image sensing apparatus according to claim 
14. wherein, in said sixth mode, the second image 
sensing point array is shifted by one and half pixels 
in the horizontal direction with respect to the first 
image sensing point array. 35 

16. The image sensing apparatus according to claim 1 
or 2, wherein said shifting means includes a piezo- 
electric element, and the image formation position 

on said image sensing means is shifted by shifting 40 
said image sensing means. 

17. The image sensing apparatus according to claim 1 
or 2, wherein said shifting means includes a varia- 
ble apical angle prism, and the image formation 45 
position on said image sensing means is shifted by 
shifting light path of the image of the object. 

18. The image sensing apparatus according to any of 
claims 2 and 10 to 15, wherein said color filter has so 
an arrangement in which each color forms vertical 
lines, and colors used in the color filter appear in 
sequence in the horizontal direction. 

19. The image sensing apparatus according to any of ss 
claims 2 and 10 to 15, wherein said color filter has 
cyan, green and yellow. 

20. The image sensing apparatus according to any of 



claims 1, 2, and 10 to 15, further comprising a plu- 
rality of optical low pass filters (2-1 , 2-2) which can 
be freely inserted and extracted to and from light 
path of the image of the object, wherein said plural- 
ity of optical low pass filters are used in accordance 
with said plurality of image sensing modes. 

21. The image sensing apparatus according to claim 1 
or 2, further comprising: 

recording means (8-1, 8-2) for recording the 
image data obtained by said image sensing 
means into a storage medium; and 
compression means (12) for compressing the 
image data in different compression ratio in 
accordance with a speed of writing and reading 
of said recording means. 

22. The image sensing apparatus according to claim 
21 , wherein the speed of writing and reading of said 
recording means (8-1, 8-2) is measured between 
the time when the storage medium is attached to 
the image sensing apparatus and when an image 
sensing operation starts. 

23. The image sensing apparatus according to claim 
21, wherein the compression ratio of the image 
data obtained by said image sensing means to 
compressed image data becomes high when the 
speed of said recording means to write and read to 
and from a storage medium is slow. 

24. The image sensing apparatus according to claim 
21, wherein coefficients to be multiplied to the 
image data of each color are adjusted so that the 
image data of each color at a white point has a 
same value before compressing the image data by 
said compression means (12). 

25. The image sensing apparatus according to claim 
21 , wherein bit depth of the image data is applied 
with y correction to transform the image data into 
eight-bit data before compressing the image data 
by said compression means. 

26. An image sensing apparatus which obtains an 
image of high resolution by using pixel shifting tech- 
nique, comprising: 

focus control means (211, 214, 215, 216) for 
controlling focus of image sensing means; 
exposure control means (212, 214, 218, 219) 
for controlling exposure of the image sensing 
means; and 

storage means (28, 210, 21 4) for storing condi- 
tions controlled by said focus control means 
and said exposure control means during a first 
image sensing operation, 
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wherein second and later image sensing 
operation are performed under the conditions 
stored in said storage means. 

27. An image sensing apparatus which obtains an 5 
image of high resolution by using pixel shifting tech- 
nique, comprising: 

focus control means (211, 214, 215, 216) for 
controlling focus of image sensing means; 10 
exposure control means (212, 214. 218, 219) 
for controlling exposure of the image sensing 
means; 

white balance control means (213, 214) for 
controlling white balance of image data is 
obtained by the image sensing means; and 
storage means (28, 210, 214) for storing condi- 
tions controlled by said focus control means, 
said exposure control means and said white 
balance control means during a first image 20 
sensing operation, 

wherein second and later image sensing 
operation are performed under the conditions 
stored in said storage means. 25 

28. An image sensing method for obtaining an image of 
high resolution by using a color filter, comprising the 
steps of: 

30 

sensing images of an object by obtaining 
image data of different colors of the filter at 
each image sensing point in a first image sens- 
ing point array; 

sensing images of an object by obtaining 35 
image data of different colors of the filter at 
each image sensing point in a second image 
sensing point array which is shifted by a half 
pixel in the horizontal direction with respect to 
the first image sensing point array; 40 
sensing images of an object by obtaining 
image data of different colors of the filter at 
each image sensing point in a third image 
sensing point array which is shifted by a half 
pixel in the vertical direction with respect to the 45 
first image sensing point array; 
sensing images of an object by obtaining 
image data of different colors of the filter at 
each image sensing point in a fifth image sens- 
ing point array which is shifted by a half pixel so 
both in the horizontal and vertical directions 
with respect to the first image sensing point 
array; and 

combining the images based on image data of 
different colors sensed at each point in the first ss 
to fourth image sensing point array and output- 
ting a combined image of high resolution. 

29. An image sensing method for obtaining an image of 



30 

high resolution by using a color filter, comprising the 
steps of: 

sensing an image of an object in a first image 
sensing point array; 

sensing an image of the object in a second 
image sensing point array which is shifted by a 
half pixel in the vertical direction and by an inte- 
ger multiple number of half pixel in the horizon- 
tal direction with respect to the first image 
sensing point array; and 
combining the images sensed in the first and 
second image sensing point arrays and output- 
ting a combined image of high resolution. 

30. The image sensing method according to claim 29, 
wherein image data of the images sensed in the 
first and second image sensing arrays are read out 
in such a manner that image data sensed in a com- 
bined image sensing point array of the first and sec- 
ond image sensing point arrays is read out in 
different combinations of two adjacent horizontal 
lines to obtain image data of an even field and 
image data of an odd field. 

31. An image sensing method for obtaining an image of 
high resolution by using a color filter, comprising the 
steps of: 

sensing an image of an object in a first image 
sensing point array; 

sensing an image of the object in a second 
image sensing point array which is shifted by 
an integer multiple number of half pixel in the 
horizontal direction with respect to the first 
image sensing point array; and 
combining the images sensed in the first and 
second image sensing point arrays and output- 
ting a combined image of high resolution. 

32. The image sensing method according to claim 29 or 
31, wherein the color filter has three colors 
arranged in such a manner that each of the three 
colors forms vertical lines, and the three colors 
appear in sequence in the horizontal direction, and 
the second image sensing point array is shifted by 
one and half pixels in the horizontal direction with 
respect to the first image sensing point array 

33. An image sensing method for obtaining an image of 
high resolution by using a color filter, comprising the 
steps of: 

sensing images of an object by obtaining 
image data of different colors of the filter at 
each image sensing point in a first image sens- 
ing point array; and 

combining the images outputting a combined 
image of high resolution. 
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34. The image sensing method according to claim 28 or 
33. wherein said color fitter has an arrangement in 
which each color forms vertical lines, and colors 
used in the color filter appear in sequence in the 
horizontal direction. 5 

43. 

35. An image sensing apparatus which obtains an 
image of high resolution by using pixel shifting tech- 
nique, having: 

10 

image sensing means (33) for sensing an 
image of an object to obtain image data, 

characterized by comprising 

15 

shifting means (32) for shifting image formation 
positions of the image of the object on said 
image sensing means by a predetermined 
amount; 

read control means (31 1) for controlling timing 20 
of reading image data from said image sensing 
means so as to compensate the shifted prede- 
termined amount; and 

combining means (37) for combining a plurality 
of sensed images. 25 

36. The image sensing apparatus according to claim 
35, wherein said shifting means includes a piezoe- 
lectric element, and the image formation position 

on said image sensing means is shifted by shifting 30 
said image sensing means. 

37. The image sensing apparatus according to claim 
35, wherein said shifting means includes a variable 
apical angle prism, and the image formation posi- 35 
tton on said image sensing means is shifted by 
shifting light path of the image of the object. 

38. The image sensing apparatus according to any of 
claims 35 to 37, further comprising a color filter 40 
(33a) for color-separating the image of the object, 

wherein said shifting means shifts image for- 
mation positions on said image sensing means so 
that image data of different colors of the color filter 
are obtained at each image sensing point for a plu- 45 
rality of sensed images. 

39. The image sensing apparatus according to claim 
38, wherein said color filter is of primary colors. 

50 

40. The image sensing apparatus according to claim 
38, wherein said color filter is of primary colors 
arranged in Bayer pattern. 

41. The image sensing apparatus according to claim 55 
38, wherein said color filter is of complementary 
colors. 

42. The image sensing apparatus according to claim 



35, further comprising recording means (320) for 
recording image data sequentially read from said 
image sensing means under control of said read 
control means as moving image data. 

The image sensing apparatus according to claim 
35, further comprising recording means (320) for 
recording image data obtained after combining a 
plurality of images sensed by said image sensing 
means by said combining means. 
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